In the U.S., conflicts are occurring between indigenous people and research facilities for space science. To solve and prevent such conflicts, it is necessary to fill the gaps of concepts over various issues between indigenous people and researchers. Also, increasing the number of indigenous scientists who can serve as moderators may improve the situation.
Introduction
In this article, I focus on two cases, which are the Very Energetic Radiation Imaging Telescope Array System (VERITAS), which was to be built on Kitt Peak in Arizona, and the Thirty Meter Telescope (TMT), which is being built on Mauna Kea in Hawaii. By examining them, I aim to introduce practical ideas to conduct effective outreach programs and to prevent future conflicts. For those who are more interested in narratives by indigenous people, environmental organizations, and scientists over this issue, Leandra Altha Swanner's writings are great resources. 1, 2) In following sections, I explain meanings of Indian reservations and culturally important areas for indigenous people, also geographical factors behind conflicts between research facilities for space science and indigenous people.
Indian reservation
An Indian reservation in the U.S. is a piece of land that is reserved for federally recognized American Indian tribes but whose title is held by the federal government. Legal and judicial matters on Indian reservations are handled by the tribal governments. As of June 2015, there are 326 Indian reservations, which cover 227,433km. 2, 3) The reservation system does not apply in Hawaii and in most parts of Alaska. In the continental U.S. and in part of Alaska, the federal government established Indian reservations mostly in rural areas after settlers occupied land that was suitable for building cities. Other indigenous peoples stayed on their traditional territories away from cities, and these became their reservations. In either case, many reservations are not so populated or industrialized, and they have little light at night.
Culturally important area for indigenous people
Culturally important areas for indigenous people include sites that are subjects of worship or burial sites of ancestors. Regarding indigenous peoples whose traditional territories became reservations, such areas may be located on their reservations. Meanwhile, in the case of indigenous peoples removed from their original lands, culturally important areas for them may be located away from where their reservations are. Culturally important areas for indigenous peoples tend to be associated with natural elements, such as mountains, rivers, or lakes. Today, many of these places are located within spacious public lands in rural areas.
Geographical factors behind conflicts
Research facilities for space science, such as observatories and spaceports, prefer to be built at locations that are distant from urban areas and where spacious land is available. Thus, research facilities are likely to be built on or near Indian reservations, or on public lands that are culturally important to indigenous people. Moreover, observatories would prefer locations on or nearby Indian reservations due to less light pollution at night. As a result, research facilities in the space sciences, especially observatories, are likely to be involved in conflicts with indigenous people.
VERITAS and Kitt Peak
The VERITAS is a ground-based gamma-ray observatory funded by agencies in the U.S., Canada, Ireland, and the U.K. As of July 2015, it is under operation at the Fred Lawrence Whipple Observatory (FLWO) on Mount Hopkins in Southern Arizona, south of the city of Tucson. Construction of its prototype started in 2003, and its operation began in 2007.
4)
Primarily, the VERITAS was to be built on Kitt Peak on the Tohono O'odham (TO) reservation, but the construction plan was denied by the Tohono O'odham Nation (TON), which is the TO people's governmental body as an Indian tribe.
TO reservation and TO people
The TO are an indigenous people who have lived in current southern Arizona and northern Mexico. The TO reservation is the largest among four reservations the TON has.
5) The TO reservation has 11 districts, and Kitt Peak is located in the Schuk Toak District. The TON has 28,083 members, and 1,561 of them belong to the Schuk Toak District, of which 840 live in the district. 5) Kitt Peak stands next to Baboquivari Peak, which is believed to be the home of the TO people's god I'itoi.
Although Kitt Peak itself is not the god's home, it is still regarded as I'itoi's Garden, which is a part of a sacred site. 6) Until the construction of the VERITAS was proposed, it seems that some TO people did not realize the importance of Baboquivari and the surrounding area. A TO member said in a newspaper article that "I doubt if my generation even knows or realizes that this is a sacred mountain to our tribe." 7) In 1955, astronomer Helmut Abt was on a mission to look for an ideal site for the construction of telescopes. Several sites were proposed, including Hualapai Mountain, Chevelon Butte, the Sierra Ancha, and a site near Flagstaff. After comparing them, Abt chose Kitt Peak, not realizing it was on an Indian reservation. 8) In 1958, approximately 10km 2 of the land of Kitt Peak was leased by the TON to the National Science Foundation (NSF) for use for astronomical research. 6) Since then, 22 optical telescopes and two radio telescopes by Kitt Peak National Observatory 9) also one optical telescope by the National Solar Observatory have been built.
10)

Lawsuit over VERITAS
Originally, the VERITAS was to be built on the Santa Rita 11) In short, the TON collaborated with federal and state agencies, and they claimed that the construction of the VERITAS on Kitt Peak was culturally and environmentally inappropriate. I assume that the sacredness of Kitt Peak came to be widely understood and shared among the TO people as the debate grew larger.
In March 2005, the TON filed a lawsuit in the District Court in Arizona. 6) In the U.S., not many indigenous people become lawyers. However, a majority of Indian tribes hire lawyers who may be non-indigenous people to deal with legal matters. These lawyers can help tribes to be prepared for lawsuits.
VERITAS after lawsuit
After the lawsuit, a consultation between the TON and the researchers involved in the construction of VERITAS took place. As a result, the court case was dismissed. 12) Multiple consultations happened following the dismissal. In 2006, the TON, NSF, and Smithsonian Institution (SI) as well as the U.S. Department of Energy, the National Optical Astronomy Observatories (NOAO), the BIA, the AHPO, the Advisory Council on Historic Preservation (ACHP), and representatives of the TON, also those of Schuk Toak, Gu Vo, and Baboquivari districts had a meeting. Then, the NSF and NOAO asked the TON for permission to construct the VERITAS under the condition that they would remove it after its use, but the TON council rejected this proposal. 13) In 2007, the ACHP sent a letter to the director of the NSF and advised him to consider an alternative location for the VERITAS pursuant to Section 106 of the National Historic Preservation Act. 14) As a result, the VERITAS stayed on the FLWO, which had been its test site, instead of being built on Kitt Peak.
Although where the VERITAS stands today was not the most preferred location, it has been used for various advanced researches on space science. Since the debate over the VERITAS, no institutions have proposed a new plan for the construction of a research facility on Kitt Peak.
TMT and Mauna Kea
Mauna Kea is a summit on the Island of Hawaii. In the belief of local indigenous people, the summit is associated with the creation of the Hawaiian indigenous people. Also, the summit was used as a burial site for royalties of the Hawaiian Kingdom.
15) Thus, it is culturally quite important for them. Unlike indigenous people in the continental U.S. and Alaska, indigenous people in Hawaii are not organized as an "American Indian tribe" which is a political entity under definition of the BIA. Also, the summit is a public land instead of being reserved for the local indigenous people.
A group of 13 telescopes is currently under operation on the top of Mauna Kea, and it is called the Mauna Kea Observatories (MKO).
16) The TMT is to be built as its 14th telescope by agencies in the U.S., Canada, India, China, and Japan. Its planning started in 2003, and a ground blessing ceremony was conducted on October 7, 2014.
17)
Maunakea Science Reserve
The MKO is located within a 45.68 km 2 protected area on Mauna Kea, called the Maunakea Science Reserve. The state of Hawaii holds its land title, and the University of Hawaii (UH) is responsible for its management.
16) Science Reserve is a section of Mauna Kea whose land is available for scientific use, primarily for astronomical research.
15) After a test observation in the 1960s, telescopes funded by the National Aeronautics and Space Administration (NASA) and agencies in foreign countries, such as Canada, France, and the UK, began to be operated in the 1970s, 18) and the construction of other telescopes followed. Gradually, research facilities were expanded, and facilities for recreational visitors were built.
15)
Opposition toward TMT
The process for the TMT to receive a permit for land use through the UH from the Board of Land and Natural Resources (BLNR) of the state of Hawaii began in 2010. 19) The BLNR preliminarily approved it in February 2011, but seven petitions against the issuance of the permit were sent to the state government. Petitioners against the preliminary approval consisted of five individuals and two nonprofit organizations. 20) As a result, contested hearings were held right after the preliminary approval. In April 2013, final approval was given. 21) After the final approval, petitioners filed a lawsuit against the BLNR. 22) In April 2014, the Court ruled in favor of TMT. 23) In July 2014, the BLNR approved a land sublease to the TMT. 24) However, protests both in and outside of Hawaii continued, with messages being spread through social networking sites.
Intervention of State Governor Ige
On May 26, 2015, Hawaiian State Governor David Ige addressed his opinions on the conflict over TMT. In his speech, he emphasized the importance of Mauna Kea to Hawaiians. On the other hand, he stated that the TMT had followed the appropriate steps to be approved for construction. Ige concluded his speech by indicating that the state would improve the management system of Mauna Kea and would remove 25% of telescopes in operation. Also, he suggested that TMT would provide more support for indigenous students in scientific fields. 25) He was very likely to step up to solve this conflict, but protestors seemed to have understood that Ige prioritized the will of the scientists of TMT than that of the local indigenous people. In an interview, a leader of the protest said she was disappointed by the speech. 26) As of July 2015, protests against the TMT persist, and its construction is being delayed. A geographer pointed out that the conflict between the TMT and Hawaiian indigenous people is understood as a conflict between the Western and indigenous worldviews. 27) If such an analysis is correct, the conflict over the construction of the TMT cannot be solved without reconsidering the relationship between the indigenous and non-indigenous people in Hawaiian society. What is common in the cases of the VERITAS and TMT is that other research facilities had already existed on the mountains before their construction plans were proposed. This indicates that the situations of local indigenous communities change over time, and researchers cannot assume that these communities will automatically accommodate the construction of additional research facilities.
Comparison of the Case of VERITAS and TMT
As for differences between the two cases, the biggest point is the legal status of the local indigenous people. While the TON is an American Indian tribe that has its own government and reservations, the Hawaiian indigenous people do not fit this description. As a result, Kitt Peak is managed directly by the TON, whereas Mauna Kea is managed by the state of Hawaii through the UH. Another difference is regarding the actors involved in these cases. More actors who are not indigenous people are involved in the case of the TMT than that of the VERITAS, possibly due to the fact that the summit is famous for national and international tourists. As a result, debate over the TMT seems to be reported more widely.
In short, although both the cases of the VERITAS and TMT are expressed as "conflicts between indigenous people and researchers over facilities for space science," it is not adequate to regard them as the same conflict that simply happened in different places.
Other Facilities
Both of the cases I introduced in former sections are about astronomical research facilities. However, similar problems can happen to facilities of other types of space science. For example, the Kennedy Space Center of NASA in Florida stands right by Canaveral National Seashore, where many shell mounds and burial grounds built by the Ais people are located.
28) The Ais people have disappeared, and the Seminole people are the main indigenous people in this area today.
As indigenous people migrate and relocate as individuals or as groups, it is not uncommon for ruins and cultural sites to be managed by another indigenous group who arrive in the area later. Therefore, although the Seminoles are not directly related to these mounds and burial grounds, some members may still regard them as culturally important.
Also, items collected at the mounds and burial grounds of an indigenous group who have disappeared would be claimed by other indigenous people related to them. Moreover, human remains, funerary objects, or sacred objects would be discovered at or near shell mounds and burial grounds. A federal law called the Native American Graves Protection and Repatriation Act describes that these items need to be repatriated to an Indian tribe or Hawaiian native organization. 29) So far, the Seminole people and NASA seem to be maintaining a good relationship. However, if any mounds, burial grounds, or items associated with such sites are discovered in the future within the land where the Center stands, they need to be treated properly in order to prevent conflict. The same applies to any other research facilities.
Ideas for Enhancement of Outreach Programs
There is no single solution that applies to all conflicts. However, in any case, conducting outreach programs is crucial. In fact, researchers at VERITAS and TMT conduct outreach programs. Public lectures and tours are offered at the VERITAS.
30) Since 2014, the TMT has provided a million dollars a year for the enhancement of science education on the Island of Hawaii through The Hawaii Island New Knowledge Fund. 31) One of two organizations that receives this funding supports students with Hawaiian indigenous ancestry. 32) Below are some other ideas.
Mistrust toward researchers
Before showing some ideas, it is necessary to mention that the feeling of mistrust toward researchers exists in many indigenous communities, and this prevents researchers from conducting effective outreach programs.
Two main reasons exist for the mistrust. Firstly, many indigenous people are not familiar with research due to the fact that many cannot receive higher education. Data show that only 0.9 percent of college students in the U.S. are American Indian and Alaskan Native, and 6 percent of them are Asian and Pacific Islander (under which Native Hawaiians are categorized).
33) This is due to that many indigenous people are economically disadvantaged. 29.2% of American Indians and Alaskan Natives (single race only in these statistics) were in poverty, which is the highest among the race groups, and it is 13.3% higher than the national average. 34) A lack of educational opportunities deprives indigenous people of opportunities to interact with researchers. As a result, many indigenous people regard researchers as strangers.
Secondly, researchers have treated them as research objects, not as people. A famous story is the repatriation of Ishi's brain. Ishi, the last Yahi, was captured in California by researchers in 1911. He was kept in a museum until his death in 1916. Researchers observed him and published the result. When Ishi died, his brain was removed for a research. While Ishi's body was buried in a cemetery, his brain was given to the SI as a research item. In 1997, a campaign for returning Ishi's brain to the Yahi homeland was launched by the indigenous people in California, 35) and finally, it was repatriated. Certainly, space scientists do not handle remains. However, based on former experiences, indigenous people tend to regard researchers of any field negatively. Researchers involved in outreach programs need to overcome such an image.
Supporting indigenous scientists
Indigenous scientists are often invisible in institutions, and people would not think that those who can serve as moderators already exist. A project conducted by Google in collaboration with the National Congress of American Indians (NCAI), which is a major organization that advocates the rights of indigenous people in the U.S., is an example.
36) The Google American Indian Network (GAIN) is a group of indigenous workers at Google. 37) In 2012, the GAIN facilitated a summit with the NCAI and addressed that Google needed to build a better partnership with indigenous people. Following the event, through a team of NCAI and Google members, the comprehensive data of Indian reservations were added onto Google Map, which enabled Indian reservations to be searchable and visible. 38) This event is regarded as the beginning of a new partnership between Google and indigenous people. Without facilitation by GAIN members who were familiar with organizations related to indigenous people, it would not have happened.
Increasing number of indigenous scientists
Indigenous scientists can be moderators, but the number of those working in scientific fields is still small. The American Indian Science and Engineering Society (AISES) and Society for Advancement of Hispanics/Chicanos and Native Americans in Science (SACNAS) are organizations that aim to increase the number of indigenous scientists. Helping these organizations to increase the number of indigenous scientists would mean increasing the number of moderators between research institutes and indigenous people, which would contribute to solving the mistrust issue.
In the case of Mauna Kea, it seems some researchers hoped to increase the number of Hawaiian astronomers, but this did not work out. The Hoku Lea telescope of the UH Hilo built in 2010 was to be used to train Hawaiian students to be able to work at observatories on Mauna Kea, but it was never used after construction due to technical problems. In July 2015, the UH Hilo announced that it would be taking down this telescope instead of repairing it, as some telescopes needed to be decommissioned in order for the TMT to be built.
39)
Outreach project can bring benefits to all parties
Although it may be hard, researchers in some fields are successful in conducting effective outreach projects. A collaborative project of the Pinoleville-Pomo Nation and University of California, Berkeley (UC Berkeley) since 2008 is an example. In this project, the Pomo people and the researchers and students of UC Berkeley co-designed new homes that were energy-efficient and culturally sensitive. Then, they actually built these houses on the reservation. The first two houses were completed in May 2012. 40) Housing is a major problem on Indian reservations. Through this project, the Pomo people could directly receive benefits, while researchers could put their research ideas into effect. What is noteworthy about this project is that the benefit was brought to local people, including those who would not know much about science or who would not be interested in science, in a way that local people prefer.
Still, planning an outreach project that may bring a direct benefit to the community would be more challenging for space scientists than for architects or engineers, as research in space science may not be applicable to the community lives of indigenous people. Space scientists thus may need to come up with refreshing ideas to achieve this.
Conflict Prevention
In addition to enhancing outreach programs, it is important to conduct activities to prevent future conflicts. Realizing the following points may be helpful for prevention.
Recognizing variety in indigenous communities
Indigenous communities are more complex in their structures than outsiders would imagine. In most communities, there are multiple groups and organizations with their own leaders. Although Hawaiian indigenous people do not have a governmental body, Indian tribes on the continental U.S. and Alaska have multiple important leaders. Researchers may have been consulting with only some of the various leaders, while passing up the others. Moreover, in some indigenous communities, ritual leaders have stronger powers than political leaders do. As a result, when researchers think they have consulted with the most important representative in an indigenous community, they actually may have not.
Also, these leaders in indigenous communities may not make decisions. For example, in TO tradition, decisions are made as a group, instead of having leaders make them. 41) Asking for assistance from someone who is familiar with the internal issues of the community is almost the only way to understand the unique social structure of the local indigenous community and to find out the most proper way to do a consultation. Scientists who are indigenous people themselves, discussed in the former part, would contribute to this process.
Indigenous concepts of land ownership and land use
Researchers need to understand that the concepts of land ownership and land use of indigenous people are different from those in the Western world. In many traditional indigenous cultures, including that of Hawaii, private land ownership did not exist. Therefore, even when indigenous people do not have the title of a certain piece of land, they may still regard it as belonging to them.
Furthermore, the concept of developing land in order to gain monetary benefit may not be an interest of some indigenous cultures. Following is a story that explains such an idea. Today, 41% of the TO members are in poverty.
42) Yet, people in the Schuk Toak district did not chose to develop their vacant (and not sacred) land to gain monetary profit. In the 1960s, a group of businessmen came to the TO reservation and suggested building a business district near the KPNO, which had a gas station, a motel, and a museum for tourists. Residents in the Schuk Toak district rejected the proposal. 41) In 2014, when I visited the same site, the land was still vacant. In the case of the TMT, it was reported that some local residents had expressed support for the construction of the telescope due to its economic impact on the island; however, one of the plaintiffs in the lawsuit insisted that Mauna Kea, where their ancestors were buried, was "not for sale." 43) 
Landscape matters
Telescopes do not always harmonize with the landscape. In most cases, the exterior parts of telescopes are painted in bright white; thus, they stand out in the natural landscape, which features colors such as blue, green, and brown. It seems that painting facilities in white is necessary to minimize heat, which otherwise would damages the equipment. 44) Still, the unnatural color makes telescopes look more artificial than necessary. Moreover, telescopes are lined up at the summits of mountains, and this makes them more obvious. This is true especially in a place such as an Indian reservation or natural reserve, where only a few low buildings stand. With today's technology, it may be possible to create new materials that are heat-resistant or to develop new types of telescopes that do not stand out from skylines.
Using the latest technologies
As already written, space science research facilities have some geographical preferences regarding location; thus, they have come to be located near Indian reservations or in culturally important areas for indigenous people. With modern technologies, I wonder if lands that have been thought of as unsuitable would become eligible for the construction of research facilities. For example, the size of a facility can be smaller. It has been pointed out that researchers demanded bigger, better, and more efficient telescopes after World War II. 45 ) Such a trend may shift to the construction of small and more sustainable telescopes. Moreover, the invention of a new light bulb and window glass would solve the light pollution problem, and telescopes would be built closer to towns. Or, when a new type of aircraft has been invented, a spaceport would not require spacious land. If such inventions are realized, research facilities do not need to be built away from Indian reservations or culturally important areas.
Encouraging local agencies to explain risks
In the case of the TMT, Mauna Kea is managed by the state of Hawaii through the UH. By reading documents that are available for general public, I could not see if research institutes truly understood the cultural importance of the mountain as well as the potential risks of protests and conflict regarding its construction. Large research facilities are often built under the collaboration of institutes of multiple countries. Unless managing agencies provide a full explanation about situation of local indigenous people, researchers will not know how local indigenous people would feel.
Continuing conversation
It was reported that an e-mail written by an astronomer was circulated by a faculty member of UC Berkeley. The e-mail was read as "The Thirty-Meter Telescope is in trouble, attacked by a horde of native Hawaiians who are lying about the impact of the project on the mountain and who are threatening the safety of TMT personnel." 46) Instead of terminating possibilities for a peaceful resolution with comments that include negative meanings, conversation between researchers and indigenous people needs to continue.
Conclusion
No instant solution exists for conflicts between space science research facilities and local indigenous peoples. Solving miscommunication between indigenous people and researchers is a way to solve or prevent conflicts. For example, indigenous people may assume that researchers realize they need to consult with various leaders. At the same time, researchers may assume that indigenous people know that the researchers donate a part of their fund to enhance the education of indigenous youth. Such information needs to be exchanged starting at the time of planning. It is even preferable if the exchanged information is accessible to the general public, as people outside of indigenous communities may join the conversation. Also, when a third party, such as
